ABSTRACT
Introduction
Behavioral and social scientists have shown increasing interest in self-reported life satisfaction and other subjective indicators as measures of human wellbeing (1) (2) (3) . Using these measures a large and emerging literature has established that wellbeing follows a Ushape over age (4) (5) (6) (7) (8) . Even though some controversy remains over the existence of this Ushape (9) , it has been observed in over 50 nations (4) , across socio-economic groups (5) and recently also for great apes (7) . Little is known about its origins (7) . One theory (8) is that the U-shape is driven by unmet aspirations which are painfully felt in midlife but beneficially abandoned later in life. A complementary theory builds on the neuroscientific finding (10) that the emotional reaction to missed chances decreases with age so that the elderly might feel less regret about unmet aspirations.
Assuming that regret about unmet aspirations drives the U-shape implies that people err dramatically in predicting their wellbeing over the life-cycle. When young, people expect a bright future though actual wellbeing decreases. In old age expectations are adjusted downwards though actual wellbeing is rising. Human belief formation is known to exhibit systematic biases such as optimism (11) (12) (13) (14) (15) and the underestimation of hedonic adaptation to changes in life circumstances (16, 17) . -How satisfied are you with your life, all things considered? [1] -And how do you think you will feel in five years? [2] It is important to distinguish self-reported life satisfaction from other subjective wellbeing measures (18) . For example, the findings of this paper might not carry over to reports of momentary emotional affect. However, life satisfaction might be of particular interest in the context of wellbeing forecasts. Recent experimental evidence (19) indicates that people tend to choose those life circumstances for which they predict the highest future life satisfaction rather than the most pleasant future hedonic experience.
Results
The sample used in this study is all those respondents between the ages of 17 and 85 who responded to question [2] in the waves 1991 to 2002 and to question [1] five years later.
The resulting sample consists of 23,161 individuals for whom a total of 132,609 life satisfaction forecast errors were constructed. Descriptive statistics are provided in Table   A1 .
Figure 1A plots people's expected life satisfaction in five years averaged over age at the forecast, ranging from age 17 to 85, and the same sample's current life satisfaction five years ahead at ages 22 to 90. In line with the existing literature (4-8) current life satisfaction is U-shaped between ages 20 and 70, with peaks around ages 23 and 69, a local minimum in the mid-50s and a further decline after age 75. As the plot of life satisfaction expectations shows, this U-shape is not anticipated. During young adulthood people expect their life satisfaction to increase strongly. With age, expectations decrease but remain above current life satisfaction until the late 50s when the two graphs coincide.
Thereafter expectations remain stable while actual life satisfaction increases, indicating 4 that people do not anticipate the increase in old age wellbeing. After age 75 expectations decrease, simultaneously with current life satisfaction.
These different patterns in current and expected life satisfaction imply systematic forecast errors that change with age (Fig. 1B) . Young adults in their 20s overestimate on average their future life satisfaction by about 0.7, or by about 10% (e.g. 0.685 ± 0.047 or 9.8% at age 21, Table A5 ). After age 30 forecast errors decrease steadily, turning negative at age 55 and decreasing further until age 68 (-0.308 ± 0.057; or -4.52%) where after they remain at around -0.25.
Confidence intervals are small, indicating that means are estimated precisely. They only widen after age 75 when mortality reduces the size of these cohorts. Sample selection due to increased mortality could be responsible for the negative forecast errors observed during old age. Mortality might particularly exclude those who strongly overestimated their future wellbeing. However, mortality rates increase exponentially during old age (Fig. A1) . Thus, if mortality affected average forecast errors there should be a strong decrease in errors during old age. This is not the case.
A third order polynomial of age provides a good fit for this age pattern, explaining 97.2% of the variation in average forecast errors (Table 1, Table A8 ).
To establish a systematic age bias it is important to show that forecast errors are not driven by a certain time period or birth cohort. As Fig. 2A shows, forecast errors were significantly higher in the aftermath of the German reunification, 1991-1993, and around the New Economy stock market bubble, 1998-2002 than in the intervening years (0.287, p<0.001 and 0.294, p<0.001, resp.; Table A3 a-b). The age pattern, however, is highly stable across all periods. As the R² in Table 1 
Discussion
These findings show a striking age-associated bias in life satisfaction forecasts. The young strongly overestimate their future life satisfaction while the elderly tend to underestimate it. The similarity of the observed patterns across regions and their stability over time indicate that the findings might be generalizable to other developed countries in other decades. Indeed, as Easterlin (22) What are the causes underlying this age bias? One well known source of systematic forecast errors is that people underestimate how quickly they adapt to socio-economic changes such as changes in income (16, 17) . Thus the observed age bias could be generated by the young expecting too much from anticipated income increases with the 6 elderly, who face decreasing incomes, committing the opposite error. In the data, forecast errors indeed roughly match with the average income profile which is increasing during young adulthood and decreasing after age 50 (Fig. A5) . Further, the age bias is slightly more pronounced for the highly educated who have steeper income profiles than those with less education (Fig. A5) .
However, the remarkable similarity across economically and culturally distinct regions and across gender suggests that some of the causes of the age bias go beyond agerelated socio-economic characteristics. It is well established finding in psychological research that people tend to overestimate the likelihood of positive events and underestimate the likelihood of negative events (11) (12) (13) (14) (15) 24) . For example, people expect to enjoy healthier lives than average or underestimate the probability of being divorced (11) .
Optimism bias has also been demonstrated in non-human animals (25) . Neuroscientific research (13-15) has accumulated broad evidence that this bias is generated by selective processing of negative and positive information in the frontal brain which allows people to maintain biased expectations when confronted with discomforting evidence. This might provide a biological explanation for why life satisfaction expectations are overoptimistic during much of adulthood and adjust only slowly over time. It does not explain, though, why expectations remain stable after midlife while actual life satisfaction increases, implying negative forecast errors during old age. However, little is known about optimism in old age and existing evidence is conflicting (26) .
How do the age associated errors in expected life satisfaction documented here relate to the age U-shape in wellbeing? Some theories (8, 10) have assumed that the Ushape is driven by unmet expectations that negatively affect people's wellbeing in midlife
but are abandoned and experienced with less regret during old age. The data reported here support this notion. Young adults have high aspirations that are subsequently unmet. And their life satisfaction decreases with age as long as expectations remain high and unmet.
Aspirations are abandoned and expectations align with current wellbeing in the late 50s. This is the age when wellbeing starts to rise again. Further, given the disappointed expectations accumulated until that age, it is possible that wellbeing increases if the elderly learn to feel less regret (10) . Following this interpretation of the U-shape in wellbeing, the observed negative forecast errors during old age might indicate that people do not Table A3 . Notes: OLS regressions of average forecast errors over age on third order age polynomials (col. 1 and 2) and on predicted '91-'97 forecast errors (col. 3 and 4) yield a high R². Regressions are weighted by the number of observations per year of age. Standard errors in parenthesis. Regressions using the micro data are reported in Table A2 . Table A5 and S8. Notes: Average expected and present life ladder rankings by age groups in six developed countries are suggestive of a strongly positive expectation bias in young adulthood which decreases with age. There is little evidence of an age U-shape in life ladder rankings and of negative forecast errors in old age. This could be due to (i) the particular wellbeing measure used, (ii) time effects common to these countries around 1960 or (iii) the small sample size which might hide minor patterns. Notice that the data come from a single cross-section so that these pattern are not definitve evidence of about actual forecast errors. The numbers underlying these figures are taken from Cantril (1965) , pp. 365-377.
For a further description and an insightful interpretation of these data see Easterlin (23). Easterlin (23) interprets the gap between expected and present life ladder ranking with misprediction of hedonic adaptation to income. People do not foresee that their aspiriations increase over age along with their incomes so that they expect to have higher rankings in the future while actual life ladder rankings remain constant. Tables S1-S8 
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